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ABSTRACT
Assessing the water quality of three bar-built estuaries in the Central Coast of California
Micaelina Sarmiento Martinez
Estuaries are coastal confluences with innumerable ecosystem services. With the
continuous change in land use including the increasing number of people moving to live
in coastal areas and on-going agricultural operations, these coastal systems are being
adversely impacted. Climate change is also negatively affecting estuaries. Subsequently,
this research study assessed the water quality, monthly, at three different locations of
three bar-built estuaries in the Central Coast of California. Water quality was evaluated
by the change in chlorophyll-a, nitrogen, phosphorus, pH, temperature, dissolved oxygen,
and specific conductivity over the course of 19 months. The eutrophication potential and
the role of open and closed estuary conditions and impact on water quality of these three
bar-built estuaries were also evaluated. The change in parameter trends illustrated that the
estuaries have varied dissolved oxygen conditions, including having or approaching
hypoxic conditions in some parts of the year, and that on various occasions water
temperature surpasses the threshold for sensitive fish. Over half of the total grab samples
results for chlorophyll-a and orthophosphate as phosphorus indicated that all three
estuaries have moderate and high eutrophication potential. Open and closed estuary
conditions seemed to affect dissolved oxygen concentrations and pH. The lowest
dissolved oxygen concentrations and the highest pH values were measured when the
estuaries were closed.
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Chapter 1. Introduction
1.1. Estuaries
Estuaries are systems that provide ecosystem services by connecting marine,
freshwater, and terrestrial ecosystems (Central Coast Wetlands Group, 2020; Clark et al.,
2013). One of the ecosystem services provided by estuaries is carbon sequestration in
which carbon is stored in plant mass thereby reducing the carbon dioxide in the
atmosphere (Harvey et al., 2020; Mitsch & Gosselink, 2015, p. 179; Morro Bay National
Estuary National Estuary Program Morro Bay, 2012). Another ecosystem service of
estuaries is that they cleanse polluted waters from streams entering the estuaries by
filtering out excessive nutrients including nitrogen and phosphorus, as well as other
pollutants (Morro Bay National Estuary National Estuary Program Morro Bay, 2012).
Estuaries also protect shorelines from erosion, provide flood protection, recharge
groundwater, support an extensive food chain, and support a rich biodiversity (Clark et
al., 2013; Harvey et al., 2020; Mitsch & Gosselink, 2015, p. 4). Furthermore, people rely
on estuaries for food, jobs, recreation, and coastal protection (NOAA, 2020-b).
Estuaries are classified through their existing geology, four major estuary types
include: drowned river valley, bar-built, tectonic, and fjord (NOAA, 2021-a). The
primary characteristics of bar-built estuaries include intermittent separation from the
ocean by barrier beaches or islands that form by sand and sediment accumulation from
the ocean waves (NOAA, 2021-a). Particularly, in the Central Coast of California, barbuilt estuaries are critical in providing habitat and supporting both native and threatened
or endangered species such as the Central California Coast steelhead trout
(Oncorhynchus mykiss) (Huber & Carlson, 2020). Over the last 50 years, abundances of
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the Central California Coast steelhead Evolutionarily Significant Units have declined by
one order of magnitude (Huber & Carlson, 2020).
1.2. Bar-Built Estuaries
Bar-built estuaries are complex and dynamic bodies of water that combine saline
and freshwater to form a unique habitat for aquatic, terrestrial, and biotic systems. Barbuilt estuaries are a type of estuary that are characterized by the formation of sandbars or
barrier islands that restrict the connection with the ocean and which are built up by ocean
waves along coastal areas fed by one or more rivers or streams (NOAA, 2021-a). Another
way to think about bar-built estuaries is that they are located at the terminus of creeks and
rivers where a wave-built sand barrier restricts connection with the ocean (Central Coast
Wetlands Group, 2020). In these intermittent estuaries, it is common for the streams or
rivers flowing into them to have a very low water volume during most of the year, a
condition that allows for sandbars or barriers to form (NOAA, 2021-a). When the sand
structures form, estuaries are separated from the ocean and this isolation allows lagoons
to form. Overall, periodic separation from the ocean due to sand barriers is the main
characteristic that differentiates bar-built estuaries from other estuaries.
Bar-built estuaries are intricate and highly variable coastal confluences. Notably,
the timing of the connection of the estuary and the ocean is different in each bar-built
estuary because the inflow of bar-built estuaries is predominately determined by the
drainage discharge that the watershed(s) input into the bar-built estuary (Behrens et al.,
2013; Central Coast Wetlands Group at Moss Landing Marine Labs, 2020) along with the
channel’s width and volume (Clark et al., 2013). On the opposite end of the inflow, the
factors that determine the connection between the ocean and bar-built estuaries are tide
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range, wave dynamics, sand abundance and distribution, coastline shape, and north or
south swelling energy (Behrens et al., 2013; Central Coast Wetlands Group at Moss
Landing Marine Labs, 2020; Clark et al., 2013). Moreover, the connectivity of bar-built
estuaries’ outlet and their ocean inlet does not only depend on a degree of tidal and
fluvial influences, but also the bar-built estuary size, shape, and stratigraphy (Behrens et
al., 2013).
Size and shape affect the inlet closure mechanism because larger and more
elongated bar-built estuaries will be able to connect faster to the ocean in comparison to
smaller and wider bar-built estuaries. Larger and elongated bar-built estuaries do not have
as big of a sandbar to breach as they are usually a lot closer to the ocean than smaller,
wider estuaries. Small estuaries are more morphologically complex as their river inflows
vary with the seasons and isolation of the estuary also changes their internal dynamics
(Behrens et al., 2015). The mouth state is not binary, adding to the distinctiveness of barbuilt estuaries as they also have transitional mouth states, including perched overflow and
tidal choking (Largier et al., 2019). Bar-built estuary geomorphology is dependent on the
stream/river energy gradient and sediments, which is itself reflective of the fluvial
geomorphology of the watershed and the geology of the bedrock on which the
rivers/streams are running along. Therefore, each estuary behaves according to their
watershed’s fluvial geomorphology and creek’s geomorphology (Behrens et al., 2013). A
watershed’s fluvial geomorphology and creek’s geomorphology are the two main factors
that determine the amount of freshwater bar-built estuaries receive along with the
sediments, nutrients, dissolved oxygen, and other resource flows that affect estuary
biological structure (Clark et al., 2013).
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Lagoons are formed, when bar-built estuaries are separated from the ocean by a
sandbar (Hayes et al., 2011). Lagoon sandbars form across the mouth of the system
creating a pond or lake with reduced or severed connection with the marine environment.
The main differences between bar-built estuaries and lagoons are that lagoons have a
very small watershed, little fluvial influences, and the system may open infrequently
(Clark et al., 2013). Lagoon water is protected from constant waves and allows for better
horizontal and vertical mixing within the system, with wind solely responsible for
providing the mixing energy (Behrens et al., 2015).
During high isolation periods, heat input from solar radiation enhances vertical
stratification in bar-built estuaries, which is disrupted by mixing (Statham, 2012). The
evolution of a salt field in a bar-built estuary after the tidal inlet is closed causes the
estuary to undergo a two-stage landward intrusion process that leads to widespread salt
stratification throughout the estuary through gravitational adjustments and wind
movement (Kennish, 2002). Vertical stratification is stronger than thermal stratification
when an estuary’s inlet is closed and wind is solely responsible for providing mixing
energy to the estuary (Behrens et al., 2015). Horizontal and vertical density gradients are
sharper during high flow years and such sharp density gradients play a critical role in
circulation processes (Chawla et al., 2008). Moreover, there is a strong correlation
between stratification with river flow and tidal range (Chawla et al., 2008). Hence, winds,
river flow, and tidal range all influence the position of the landward limit of salt
intrusion. The intensity of the stratification, the thickness of the layers, and the flow
velocity greatly affect a variety of phenomena within estuaries (Dyer, 1989, p. 52).
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1.3. Water Quality
Monitoring water quality in estuaries preserved by the State Park Systems or other
local governments in the United States is crucial due to the exponential increase of
nearby human populations which have had a negative impact on these systems (Bugica et
al., 2020; Kennison & Fong, 2014). Climate change also negatively affects estuaries by
causing more frequent and prolonged droughts, subsequently affecting inflow and water
levels in estuaries (Osterback et al., 2018 ; Behrens et al., 2013). Monitoring the water
quality of estuaries is critical to help management not only preserve the remaining
estuaries in the United States and around the world, but also to ensure their water quality
supports their ecosystem services (Bugica et al., 2020).
Surface water quality can be divided into physical, chemical, and biological
components under the Clean Water Act (Smith & Valcarcel Wolloh, 2012). The physical
indicators for water quality include color, temperature, foam, suspended solids, turbidity,
and conductivity (Krenkel, 1980, p. 48). Water temperature is an extremely important
factor to monitor as it regulates physical, chemical, and biological processes in water
(Gholizadeh et al., 2016). Additionally, water temperature impacts the solubility of
various chemical constituents in water, thereby affecting their availability (Gholizadeh et
al., 2016). Furthermore, water temperature affects dissolved oxygen concentrations in
water as oxygen solubility decreases with increasing water temperatures (Gholizadeh et
al., 2016).
Conductivity is defined as a measure of the ability of a material to carry an
electrical current. It is important to measure water conductivity because it is a useful
indicator of change in dissolved constituents. Water conductivity measurements are
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dependent on dissolved minerals, salts present in the body of water, and temperature
(Said et al., 2004; Woodsmith et al., 2013). Conductivity reported as specific
conductivity has been corrected to constant temperature of 25°C (Said et al., 2004).
Conductivity measurements of freshwater streams are between 100 to 2, 000 µS/cm,
ocean water around 55, 000 µS/cm and therefore conductivity of brackish water falls in
between those two spectrums (Clean Water Team (CWT), 2004). The physical
characteristics may also be affected by the chemical parameters (Krenkel, 1980, p. 48).
Water pollutants can be further broken down into organic and inorganic
pollutants. Inorganic materials have extensive effects including changes in water pH and
toxicity caused by materials such as heavy metals (Krenkel, 1980, p. 47). Moreover, inert
insoluble inorganic materials may result in sludge deposits on the receiving water bottom
and inhibit benthic biological activity. Organic materials are a concern when they are
present in excess because they can deplete dissolved oxygen in the body of water,
negatively affecting aquatic life (Krenkel, 1980, p. 47).
Silicon, phosphorus, and nitrogen are macronutrients that naturally come from
organic matter that ends in rivers/streams, but anthropogenic actions release them in
superior amounts. The greater number of macronutrients released through anthropogenic
actions tend to support the growth of the aquatic species that can uptake it the fastest,
thereby negatively affecting biodiversity (Statham, 2012). Nutrient over-enrichment in
bar-built estuaries is undesirable because of its effects in water systems. One of the
effects include hypoxia, which refers to low levels of dissolved oxygen, much less than
saturated concentrations and typically when concentration is less than 2 mg/L (Largier et
al., 2019). Hypoxia results in increased fish kills, shading out of sea grasses by
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periphyton and phytoplankton, loss of water clarity, reduction in biotic diversity, increase
in algal species of poor food web quality, and likely an increase in harmful algal blooms
(Flemer & Champ, 2006). Nutrient over-enrichment can also lead to anoxia, which is a
state of very low levels of dissolved oxygen, close to zero, and typically occurs when
concentration is less than 0.5 mg/L (Largier et al., 2019).
Estuary pH affects most chemical and biochemical processes, thereby regulating
solubility and availability of nutrients (Woodsmith et al., 2013). Additionally, pH
extensively affects organisms, since having extremely high or low values of pH can be
detrimental to biota (Woodsmith et al., 2013). Most aquatic organisms are adapted to live
in waters with a pH between 5.0 and 9.0, but estuarine organisms prefer water conditions
with pH values of 6.5 to 8.5 (National Estuarine Research Reserve System, 2021; United
States Environmental Protection Agency, 2006). Photosynthesis by plants can reduce the
levels of carbon dioxide (CO2) in the water column, which tends to dissociate into
carbonic acid, thereby making the water more alkaline (National Estuarine Research
Reserve System, 2021). On the other hand, high microbial respiration tends to release
CO2 thereby providing CO2 for dissociation into carbonic acid, making the pH of the
water more acidic (Gobler et al., 2014; National Estuarine Research Reserve System,
2021). Given that pH in estuaries is affected by photosynthesis and respiration, the
biological effects on pH of estuaries would be illustrated in diurnal dynamics.
Dissolved oxygen is a crucial constituent that is measured to determine the water
quality of a body of water because it influences the living conditions of all aquatic
organisms that require oxygen to survive (Gholizadeh et al., 2016). Dissolved oxygen in
estuaries is supplied by creek water and taken into solution from the atmosphere, which
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can then be reduced by influxes of deoxygenated ground water. Additionally, warmer
water temperatures reduce oxygen solubility and cause increased metabolic activity and
decomposition (Woodsmith et al., 2013).
The biological category of water quality is separated into two sub-categories: (1)
biological pollutants that may cause disease like bacteria, viruses, and protozoans; and (2)
substances that are added to the water and may result in increased biological growths like
phytoplankton, macrophytes, and fungi (Krenkel, 1980, p. 51). Overall, it is important to
point out the parameters and indicators that are used in freshwater bodies to determine the
water quality of bar-built estuaries.
Chlorophyll-a content is a biological indicator for the amount of algae present in
an estuary and is thus used as a primary indicator to determine how the estuaries are
functioning as a system (Hughes et al., 2011; Cira et al., 2016). Algal blooms, which are
often an outcome of eutrophication phenomena in freshwater, are directly linked to
chlorophyll-a since it is essential for photosynthesis (Gholizadeh et al., 2016).
Eutrophication refers to the accelerated production of organic matter, particularly algae,
in a body of water which may have a variety of impacts including nuisance, toxic algal
blooms, depleted dissolved oxygen, and loss of submerged vegetation (Bricker et al.,
1999). Eutrophication is usually caused by an increase of nutrients being discharged into
the body of water (Bricker et al., 1999). Eutrophication is a known process to induce
hypoxic conditions in estuaries caused through the biochemical consumption of dissolved
oxygen (Snickars et al., 2014; Zhang & Li, 2010).
Apart from rivers/streams introducing nutrients to bar-built estuaries, intrusion of
seawater introduces nutrient-rich water into estuaries along with stratification and
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hypoxia (Behrens et al., 2015). Stratification from seawater into bar-built estuaries takes
place due to the high salinity and cooler waters that are introduced, subsequently having
differing densities and temperatures (Clark et al., 2013). Moreover, sediments, pathogens,
and the accumulation of chemical contaminants have been studied to learn their effects
on water quality (Fiket et al., 2019 ; Kennish, 2002).
1.4. Factors Affecting Estuaries’ Water Quality
The land use upstream and throughout the watershed of an estuary is a major
factor influencing estuary water quality and ecosystems. One of the main land uses of
concern is urbanization due to population growth near a stream/river that feeds into a barbuilt estuary (Bugica et al., 2020). Urbanization of watersheds change estuary water
quality and ecosystems by increasing outputs of sewage, other waste products, and
through diversion of fresh water (Flemer & Champ, 2006; Kennish, 2002). The other
main land use that affects estuary ecosystems is agriculture. Agricultural activity
upstream or adjacent to an estuary affect the estuary water quality and ecosystems
through fertilizer and pesticide runoff and soil erosion. Overall, most of the stress on
estuaries come from the mobilization of nutrients through land clearing, application of
fertilizer, discharge of human waste, animal production, and combustion of fossil fuels
(Flemer & Champ, 2006). Combustion of fossil fuels affect rivers/streams and estuaries
because the exhaust, which contains reactive nitrogen, can be deposited on the freshwater
by wind (Flemer & Champ, 2006; Nie et al., 2018).
Climate warming can modify wind patterns, change the hydrological cycle, and
cause sea level rise (Grantham et al., 2018; Luo et al., 2013; Statham, 2012). Climate
change is expected to directly affect the hydrological cycle, causing more frequent

10

droughts in California (Grantham et al., 2018). Extreme drought conditions can influence
the abundance, growth, movement, and seawater readiness of aquatic species, including
the juvenile Pacific salmon (Oncorhynchus spp.) and steelhead trout (Oncorhynchus
mykiss) (Osterback et al., 2018). Droughts caused bar-built estuaries on the California
Central Coast to close earlier than usual due to less water flowing, which, in turn, trapped
some Coho salmon and steelhead that were ready to migrate into the ocean (Osterback et
al., 2018). Changes in climate are negatively impacting bar-built estuaries by reducing
annual rainfall and thus watershed contributions to the estuaries. Reduced rainfall affects
how much water is available for aquatic organisms, particularly in the summer. During
the closed state of bar-built estuaries, water volume generally increases while water
quality declines (Osterback et al., 2018). Under favorable conditions, intermittent
estuaries provide opportunities for rapid juvenile steelhead trout growth during both
closed and open states. However, chronically degraded water quality during extended
closures may diminish nursery function (Osterback et al., 2018). Climate change is
predicted to rapidly increase ocean levels, which will inundate freshwater systems,
increase estuary water temperatures, and substantially shift the biogeochemistry of
estuary sediments (Statham, 2012).
1.5. Villa, Santa Rosa, and San Simeon Bar-Built Estuaries
Water quality conditions can impact habitat for native aquatic species, including
species of special concern such as state or federally species listed as threatened or
endangered. Water quality of bar-built estuaries has historically been studied from the
point of view of how inputs in the watershed contribute to water deterioration leading to
eutrophication, hypoxia, and anoxia (Howarth et al., 2011; Hughes et al., 2011;
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Livingston, 2007), which can stress or be fatal to these species. Ecologically-pertinent,
water quality studies have examined a wide range of parameters including but not limited
to nutrients, temperature, conductivity, pH, dissolved oxygen (Cira et al., 2016; Flemer &
Champ, 2006; Howarth et al., 2011; Statham, 2012); chlorophyll-a (Cira et al., 2016;
Hughes et al., 2011); sediments, pathogens, and the accumulation of chemical
contaminants (Fiket et al., 2019; Kennish, 2002) as indicators to determine how estuaries
are functioning as a system (Cira et al., 2016; Hughes et al., 2011).
Poor water quality can negatively affect people’s food security and livelihoods if
they depend on estuary fisheries for food or tourism. Poor water quality will reduce the
available number of fish and possibly make the fish unhealthy due to high levels of
bacteria. Low bacteria content in waters are necessary when growing food in estuarine
waters (Morro Bay National Estuary Program staff, 2020). Poor water quality also makes
the estuaries dangerous for both organisms and people who interact with the water due to
high levels of nutrients and bacteria (Morro Bay National Estuary Program, 2018a;
Morro Bay National Estuary Program staff, 2020), low dissolved oxygen levels, and high
levels of algae which could lead to toxic algal blooms (Livingston, 2007). Poor water
quality can also negatively impact the estuary plant communities, and thus impact the
habitat of both aquatic and terrestrial organisms.
One example where poor water quality is negatively affecting aquatic organisms,
vegetation, migrating waterfowl, and the community’s economy is Morro Bay,
California. Past (e.g., mining) and present (e.g., agriculture, grazing, development, etc.)
land-use practices throughout the Morro Bay watershed have accelerated sedimentation,
which directly affects aquatic vegetation and aquatic organisms by decreasing visibility
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and passage of sunlight through the water column (Gillespie et al., 2011; Morro Bay
National Estuary National Estuary Program Morro Bay, 2012). Land use change has also
increased both the nutrient and bacteria inputs, limiting the recreation activities that take
place and the growth of shellfish in two farms in Morro Bay (Morro Bay National
Estuary National Estuary Program Morro Bay, 2012). Recognition of water quality
deterioration in the estuary led locals to organize and seek help from the state government
which eventually led to the Morro Bay estuary being designated as part of the National
Estuarine Research Reserve System (Morro Bay National Estuary National Estuary
Program Morro Bay, 2012).
On the Central Coast of California, the collection of water quality data and the
impact of water quality conditions on estuarine habitat have been limited. Little study of
water quality has taken place in the three bar-built estuaries in this report (Villa Creek,
Santa Rosa Creek, San Simeon Creek). The Central Coast Wetlands Group monitors
temperature and flooding periodicity of Villa Creek and San Simeon Creek bar-built
estuaries (Central Coast Wetlands Group, 2020). The Environmental Protection Agency
(EPA) reports that Santa Rosa Creek, which feeds into Santa Rosa Creek estuary, is an
impaired body of water for warm freshwater aquatic life and water contact recreation
purposes due to high levels of bacteria, other microbes, and salts (United States
Environmental Protection Agency, 2021b, 2021d) . The 13 sites that are monitored on
Santa Rosa Creek for the EPA report are all upstream from the bar-built estuary that is
being studied in this report (United States Environmental Protection Agency, 2021d). San
Simeon Creek, which feeds into San Simeon estuary is also an impaired body of water for
agricultural supply, cold freshwater habitat, municipal and domestic supply, and warm
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freshwater habitat. San Simeon Creek is impaired for those uses due to low oxygen
levels and high levels of nitrogen, phosphorus, and salts (United States Environmental
Protection Agency, 2021c, 2021a). A few of the sites that are monitored for the EPA
include sites that we are monitoring for this study, but the EPA survey does not
encompass the whole estuary.
To better characterize the health of the California Central Coast estuary systems, I
evaluated different physical and biochemical parameters for each of the three bar-built
estuaries to determine spatial and seasonal water quality trends. I also assessed water
quality conditions in two bar-built estuaries with respect to surface water elevation and
sandbar breaching dynamics. Monitoring the water quality and documenting how it is
affected by water levels and connectivity to the Pacific Ocean will provide information
on how these bar-built estuaries are behaving in terms of the aquatic and terrestrial
species they are able to support. Low dissolved oxygen concentrations are most likely to
occur in the summer, as estuary temperature increases due to the reduced inflow, little to
no connection to the ocean, and warmer air temperatures. Warmer water temperatures
reduces the ability of water to hold dissolved oxygen and enhances metabolic activity
(Grantham et al., 2018; Kennison & Fong, 2014; Largier et al., 2019; Woodsmith et al.,
2013). Estuary monitoring included physical (estuary mouth status, water level,
temperature, conductivity), biological (chlorophyll, chlorophyll-a concentrations), and
chemical parameters (pH, dissolved oxygen (DO), inorganic nitrogen, and phosphorus
concentrations).
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I hypothesized that:
1. The input of oceanic water into the bar-built estuaries would decrease water
temperatures.
2. A higher input of water from both the streams and ocean when the sandbar is
breached would increase estuary dissolved oxygen concentration.
3. Post-rainfall events would increase nutrient inputs, which would increase the
total algae present in the bar-built estuaries, ultimately reducing dissolved oxygen
levels as they decompose (Cira et al., 2016; Clark et al., 2013; Kennison & Fong,
2014; Wild-Allen & Andrewartha, 2016).
4. Peak dry season will increase estuary eutrophication potential.
Determining the water quality of Villa, Santa Rosa, and San Simeon Creek
estuaries will help Creek Lands Conservation, the California Department of State Parks,
and the Central Coast Wetlands Group manage these estuaries to maintain habitat
conditions for native species. Assessing estuary water quality over multiple seasons is the
first step in characterizing estuary health and identifying parameters that are contributing
to the deterioration of water quality. Creek Lands Conservation is a non-profit
organization that focuses on conserving and restoring freshwater and near shore marine
ecosystems throughout California’s Central Coast (Creek Lands Conservation, 2021).
Creek Lands Conservation collaborates with the California Department of State Parks
and the Central Coast Wetlands Group to achieve their goals of conservation and
preservation of coastal bodies of water in the Central Coast of California. Villa Creek,
Santa Rosa Creek, and San Simeon Creek bar-built estuaries are important in managing
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for the California Department of State Parks because these bar-built estuaries are
included in the 134 bar-built estuaries that this department owns or partially manages
throughout the state of California (Central Coast Wetlands Group at Moss Landing
Marine Labs, 2020). Lastly, the Central Coast Wetlands Group’s goal is to manage and
aid in the development of wetland science in California’s central coast (Central Coast
Wetlands Group, 2021). Subsequently, these three different organizations collaborate to
meet the common goal of having the best management of coastal confluences, which
include bar-built estuaries, to aid in their preservation.

16

Chapter 2. Methods
2.1. Study Sites
The three estuaries chosen for this study are at the outlets of Villa, Santa Rosa,
and San Simeon Creeks, within the Central Coast of California (Figure 1). The three
estuaries are part of a network of 15 estuaries and are considered large enough to reflect
estuary water quality conditions in San Luis Obispo County (Figure 2). Villa Creek
estuary is located northwest of Cayucos, California in Estero Bluffs State Park. The area
of the watershed that drains to this estuary is 19.1 square miles (USGS, 2020c).
Approximately 4.92% of this area is covered by forest while 3.3% is used by urban
development and about 84% is covered by shrub/grassland (Central Coast Wetlands
Group, 2020; USGS, 2020c). The Santa Rosa bar-built estuary is in Cambria, California
and San Simeon bar-built estuary is located approximately 5 miles north of Santa Rosa
Creek estuary and both estuaries are in the Hearst San Simeon State Park. The area that
drains to Santa Rosa bar-built estuary is 47.4 square miles with 10.2% being covered by
forest and 8.2% being covered by urban development (Central Coast Wetlands Group,
2020; USGS, 2020b). The area that drains to San Simeon bar-built estuary is 32.1 square
miles with 19.4% being covered by forest land, 3.4% being used for urban development
and about 60% covered by shrub/grassland (Central Coast Wetlands Group, 2020; USGS,
2020a). The mean annual precipitation in Villa, Santa Rosa, and San Simeon watersheds
are 22.0, 24.8, and 30.1 inches, respectively (USGS, 2020c, 2020b, 2020a). The estuaries
have federally threatened aquatic species, which include steelhead trout (Oncorhynchus
mykiss) and tidewater goby (Eucyclogobius newberryi) (Dawson et al., 2001; Largier et
al., 2019).
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Figure 1. Red dots illustrate the location where Villa Creek, Santa Rosa Creek, and San Simeon Creek
estuaries are located in California.
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Figure 2. Map of the watershed of each estuary along with land cover classes according to data from the
2016’s National Land Cover Database (NLCD).

2.1.1. Villa Creek Estuary
Villa Creek estuary is in the Estero Bluffs State Park. The estuary has been
greatly degraded, historically due to settlers, agriculture, mining, and the construction of
Highway 1. The alterations that caused damage to the estuary were halted in 2000 when
Estero Bluffs State Park was bought by the Trust for Public Land and ecological
restoration was prioritized by stakeholders. Native Americans utilized the Cienega Trail,
which was near the estuary and later in 1769 during the Portola expedition the Europeans
camped at this site (Stillwater Sciences, 2019). In the 1870s Chinese miners and laborers
used Villa Creek estuary and the surrounding area to live and farm seaweed and by the
early 20th century, the area was used for agriculture (Stillwater Sciences, 2019). In 1964,

19

the area around the estuary was mined for sand and concrete was mixed on site, which
was used for construction of Highway 1 (Stillwater Sciences, 2019). Thereafter, the Villa
Creek estuary area was used for cattle grazing.
Following these extensive disturbances, a habitat enhancement project is being
developed to restore ecological and geomorphic processes by the San Luis Obispo Coast
District of the California Department of Parks and Recreation. The fractured habitat
provided by Villa Creek estuary is home to approximately 10 federally and state
protected fauna and flora species (Stillwater Sciences, 2019).

Figure 3. Aerial image of Villa Creek estuary in Estero Bluffs State Park. The red triangles represent the
sites of the monitoring in this study.
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2.1.2. Santa Rosa Creek Estuary
The Santa Rosa estuary was first noted in the Portola Expedition in 1769. Based
on the pristine descriptions of the estuary, it can be inferred that this estuary was not
disturbed in the late 18th century (Stillwater Sciences, Central Coast Salmon
Enhancement, 2012). Clearing initiated in the early 19th century in the Santa Rosa
Watershed, but clearing drastically increased by cutting and burning the native vegetation
in the mid-19th century when Americans and Europeans started settling (Stillwater
Sciences, Central Coast Salmon Enhancement, 2012). The reduction of vegetation in the
watershed and near the streams led to increased soil erosion draining into the estuary and
degrading water quality. However, the disruption that created the largest impacts around
Santa Rosa Creek, which is in the middle of the town of Cambria, involved a period of
population growth and land development (Stillwater Sciences, Central Coast Salmon
Enhancement, 2012). A growing population increased the need for freshwater, which was
diverted from the creek directly or indirectly through wells (Stillwater Sciences, Central
Coast Salmon Enhancement, 2012). The Santa Rosa estuary is within the sub-watershed
of Santa Rosa in the SLO Watershed Project, a project that is trying to protect all
watersheds in San Luis Obispo County (Upper Salinas- Las Tablas Resource
Conservation District, 2021). Santa Rosa estuary supports anadromous fish, such as
federally threatened steelhead trout (Oncorhynchus mykiss) and other federally and state
threatened species, including migratory bird species (Stillwater Sciences, Central Coast
Salmon Enhancement, 2012).
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Figure 4. Aerial image of Santa Rosa Creek estuary in Hearst San Simeon State Park. The red triangles
represent the sites of the monitoring in this study.

2.1.3. San Simeon Creek Estuary
In the San Simeon Creek estuary, watershed mining for mercury in the form of
cinnabar occurred in the mid-1860’s, a coal mine was developed on the beach south of
San Simeon Creek in 1863, and dairy farming occurred in the mid-to late 1860’s (Upper
Salinas- Las Tablas Resource Conservation District, 2021). This estuary’s watershed
followed the same history as neighboring estuaries by first having Spanish settlements
bringing grazing, small agricultural practices, mining, water diversion and pumping
(Upper Salinas- Las Tablas Resource Conservation District, 2021). Then, these practices
intensified with time leading to road construction and residential development (Upper
Salinas- Las Tablas Resource Conservation District, 2021). These procedures
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detrimentally affected the estuary by increasing sediment input and diverging water from
the creek. San Simeon estuary’s watershed is also part of the SLO watershed project,
which is trying to restore watersheds in San Luis Obispo County to maintain the
biodiversity that is supported in this area. More specifically, San Simeon Creek is critical
for steelhead trout, tidewater goby, and red-legged frogs among other species that are
federally, or state threatened (Upper Salinas- Las Tablas Resource Conservation District,
2021).

Figure 5. Aerial image of San Simeon Creek estuary in Hearst San Simeon State Park. The red triangles
represent the sites of the monitoring in this study.
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2.2. Research Study
Monitoring of the estuaries’ water quality is an ongoing project that was started in
December 2019 by Creek Lands Conservation. The Villa, Santa Rosa, and San Simeon
Creek estuaries were typically monitored and sampled in the morning between 8:00 a.m.11:30 a.m. to capture the lowest levels of dissolved oxygen available to aquatic
organisms (Stillwater Sciences, 2012). At the beginning of this project, on occasion, the
monitoring extended into early afternoons. The monitoring usually took place the last
week of each month. The exact dates of monitoring in this study can be observed in
(Appendix A).
2.2.1. Water Quality Monitoring
A Yellow Springs Instrument (YSI) EXO1 multiparameter sonde (sonde) was
used to measure dissolved oxygen (mg/L), temperature (°C), specific conductivity
(µS/cm), pH, and chlorophyll (mg/L) parameters in-situ on a monthly basis (Zolfaghari et
al 2020 ; Stillwater Sciences 2012). In-situ monthly monitoring of these water quality
parameters focused on data between December 2019 to June 2021. A list of the sensors
used to monitor the different parameters, their range, and accuracy are illustrated in
(Table 1). In-situ water quality parameter collection followed APHA 1998 and USEPA
2003 methodologies (Stillwater Sciences, 2012). Sonde calibration was done a day prior
to monitoring using the sonde user’s manual (YSI, 2019). Data with the sonde was
collected both in the top six inches of the water surface and the bottom six inches of the
estuary. Readings were taken once the dissolved oxygen levels stabilized (MPSL Field
Sampling Team, 2014; Zolfaghari et al., 2020). At each estuary, three sites were sampled
three times across the width of the estuaries (Figures 3, 4, 5). On occasion, taking
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measurements at some sites across the width of the estuaries was not possible (e.g., the
lower site of Villa Creek and the upper site of Santa Rosa Creek Estuaries) either due to
depth concerns or reduced creek inflow resulting in only a portion of the estuary’s width
being covered in water (e.g., upper site of San Simeon Creek Estuary). Occasionally,
whole site sampling was not possible due to low water conditions (e.g., lower, and middle
sites of Santa Rosa).
Table 1. Sensor, range, and accuracy for each water quality parameter monitored. Information adopted
from the sonde’s user manual (YSI, 2019).

Parameter
Temperature
Specific
Conductance
Dissolved
Oxygen

Sensor
Thermistor
Thermistor

Range
-5-50°C
0-100,000µS/cm

Optical,
luminescence
lifetime

0-500% air saturation;
0-50 mg/L

pH

Glass
combination
electrode
Optical,
fluorescence

0-14 units

Total algae
(Chlorophyll)

Accuracy
± 0.02°C
± 1% of reading or 2
µS/cm
0-200%: ±1% reading;
200-500%: ±5% reading;
0-20 mg/L: ±0.1 mg/L;
20-50 mg/L: ±0.5 mg/L
±0.2 pH units for -5 to
+50°C

0-100 RFU, 0-400 µg/L Not provided

2.2.2. Open/closed Status of Estuaries
During each field visit from December 2019 until June 2021, the researcher
would note whether the bar mouth was open or closed. Starting in January 2021, pictures
were taken on top of field notes regarding the open/closed conditions of the estuaries.
2.2.3. Water Samples for Nutrients Analysis
Grab samples were collected quarterly from all three locations at the three
estuaries from December 2019 to June 2021 and sent for laboratory analyses (December
2019 and 2020, March 2020 and 2021, June 2020 and 2021, and September 2020) (Table
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A1). Laboratory analyses for December 2019, June 2020, and September 2020 grab
samples were completed by Excelchem Laboratories, Inc, March 2020 grab samples were
completed by Cal Poly Environmental Analysis Laboratory, and December 2020, March
2021, and June 2021 grab samples were analyzed by BC Laboratories, Inc. Sampling
methodology followed RWQCB Surface Water Ambient Monitoring Program (SWAMP)
protocols (Stillwater Sciences, 2012). Additionally, sampling and handling of grab
samples followed Creek Lands Conservation quality control assurance plan. The
laboratory analysis included nitrogen (N) in nitrate, nitrite, and ammonia, phosphorus (P)
in orthophosphate, total P, total N (Kjeldahl extraction), and chlorophyll-a. Samplebottles (1,000 mL, 500 mL) were filled up to one inch from the orifice of the bottles, and
the filling took place approximately one inch below the surface of the water (The Surface
Water Ambient Monitoring Program Quality Assurance Group, 2008). Filled bottles were
tightly capped and the sample collection time was noted. As samples were collected at
each site, they were placed in a one-gallon Ziploc bag. Once all bottles were filled,
labeled, and properly sealed for each site, the one-gallon Ziploc bag was also tightly
sealed and placed in an additional one-gallon Ziploc bag with the opposite direction of
the sealing. This second Ziploc bag was also tightly sealed to reduce the possibility of
contamination among the water samples. Each time grab samples were collected, a site
was randomly chosen for replicate sampling. Water samples from each site were placed
in an ice chest cooler filled with ice packs prior to transportation to the laboratory.
2.2.4. Surface Water Elevation Data
The data for continuous surface water elevation measurements for San Simeon
and Villa Creek estuaries were obtained from the Central Coast Wetlands Group
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(CCWG). The depth data is from November 28th, 2019, to January 20th, 2021. The
CCWG has continuously monitored these estuaries and others in the California Central
Coast since 2011 using Rugged TROLL 100 data loggers to monitor temperature, depth,
and pressure at a specific site within the estuaries every 20 minutes (Central Coast
Wetlands Group, 2020). The pressure transducer data was corrected by the CCWG to
compensate for atmospheric effects. The sensor location was surveyed and both water
surface elevation (feet AMSL) and total depth were calculated. Hourly tidal water level
data from November 28th, 2019 to January 20th, 2021 were downloaded from the NOAA
Tides & Currents database for the Port San Luis CA (NOAA (National Oceanic
Administration Administration), 2021).
2.2.5. Data Archiving
The logged data from the handheld computer used to direct the sonde in
monitoring was extracted as a .csv file and added to a water quality (WQ) database
spreadsheet following a quality control check. Any notes regarding the sites and the
measurements were also added to the WQ database along with the status of each estuary.
The field notes were scanned and saved in the field notes folder and the pictures were
saved in a corresponding folder for each month. When the results from the laboratory
analyses were received, the results for the nutrient levels went through a quality control
check and then were added to the WQ database. The depth data was emailed to Creek
Lands Conservation as an excel spreadsheet after it was downloaded and processed by
CCWG staff. The tidal water level data was extracted as a csv. file and processed in
Microsoft Excel.
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2.3. Data Analysis
2.3.1. Spatial and Temporal Water Quality
We synthesized 1.58 years of monitoring data across three sites within each
estuary to characterize the temporal and spatial dynamics of the estuaries. The sonde’s
chlorophyll measurements were correlated to chlorophyll-a content using the equation
that was determined in the Nutrients-Based Water Quality section below. The mean and
standard error of the mean for the three measurements taken across each site for
chlorophyll-a, dissolved oxygen, temperature, pH, and specific conductivity were
calculated for the surface and bottom layer of each estuary. The monthly calculated mean
and standard error of the mean were plotted versus time to illustrate the change in each
parameter with time.
2.3.2. Nutrients-Based Water Quality
The quality checked data received from the laboratory analysis regarding the
nitrogen, phosphorus, and chlorophyll-a content in the water samples were entered into
the water quality (WQ) database. The results for ammonia as nitrogen, nitrate as nitrogen,
and nitrite as nitrogen were totaled to determine the total inorganic nitrogen. Chlorophylla was measured by laboratory analysis in December 2019, June 2020, and September
2020; the laboratory analysis results and sonde measurements were correlated for Villa
Creek estuary. This correlation was used to calculate chlorophyll-a concentrations for all
three estuaries (Figure 6). The concentrations of total inorganic nitrogen, orthophosphate
as phosphorus, and chlorophyll-a were assessed to determine each estuary sites’
eutrophication potential when comparing it to the nutrient eutrophication potential table
adapted from (Bricker et al., 1999) (Table 2).
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Figure 6. Correlation between chlorophyll measurements from the YSI EXO1 multiparameter sonde and
the chlorophyll-a concentration results from the laboratory analysis for Villa Creek bar-built estuary.

Table 2. Eutrophication potential associations with chlorophyll-a, total inorganic nitrogen (TIN), and
dissolved oxygen (DO) concentrations. Table adopted from (Bricker et al., 1999).

Parameter

Low potential

High
potential
20 - 60
>1

Hypereutrophic

0-5
<0.1

Moderate
potential
5 - 20
0.1 - 1.0

Chlorophyll-a (ug/L)
Total Inorganic
Nitrogen (mg/L)
Orthophosphate
(mg/L)
Dissolved Oxygen
(mg/L)

0-0.01

0.01 - 0.1

>0.1

--

>5

5-2

2-0

--

>60
--

2.3.3. Estuary’s Status Impact on Water Quality
Surface water elevation data of Villa Creek and San Simeon Creek estuaries were
adjusted to consider that the data loggers were not vented by Central Coast Wetlands
Group staff. The surface water elevation data of each estuary was correlated with tidal
water levels. Observations of open and closed status of the estuary were used to confirm
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or dispute the coupling and decoupling of the estuary and tidal water levels indicating the
open/closed status of the mouth of each estuary continuously. When the bar is open and
flows into the estuary are low, tidal elevations and estuary water surface elevation are
coupled, with inflowing and outflowing tides impacting estuary elevations, which would
be considered an open estuary with low flow conditions. When the bar is open and high
flows come into the estuary, tidal elevations and estuary water elevation are decoupled
due to the large amount of freshwater inflowing into the estuary, which is characterized
as an open estuary with high flow conditions. When the bar is closed, tidal elevations do
not impact estuary water surface elevations, therefore there is a decoupling in these two
parameters (Stillwater Sciences, 2012, 2019). The average specific conductivity of the
top and bottom layers change through the course of the study for the lower site for San
Simeon and middle site for Villa estuaries were also used to corroborate the open and
closed conditions of the estuaries. When the estuary is open with high inflows, the
estuary should be slightly brackish or freshwater, when the estuary is open with low
flows, the estuary should be close to salt water or brackish, and when the estuary is
closed, the estuary should be brackish (Stillwater Sciences, 2012). These specific sites of
the estuaries were chosen as the data logger was located approximately 300 ft upstream
from the San Simeon lower site and 70 ft upstream from the Villa middle site (Google,
2021). The open/closed estuary status’ impact on water quality was assessed using the
plots for dissolved oxygen, pH, temperature, and chlorophyll-a.
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Chapter 3. Results
3.1. Water Quality Monitoring
The water quality parameters (dissolved oxygen (DO), temperature, pH,
chlorophyll-a, specific conductivity) assessed in this study at three different sites within
Villa Creek, Santa Rosa Creek, and San Simeon Creek bar-built estuaries showed
variability through time. The mean DO (mg/L) concentrations oscillated from 1.8 ± 0.0
mg/L to 14.8 ± 1.8 mg/L in Villa Creek estuary, 2.0 ± 1.2 mg/L to 10.6 ± 0.3 mg/L in
Santa Rosa Creek estuary, and 2.2 ± 0.3 mg/L to 16.9 ± 0.6 mg/L in San Simeon Creek
estuary. The mean water temperature measurements varied between 8.85 ± 0.04 °C and
25.87 ± 0.65°C for Villa Creek estuary, 7.55 ± 0.05 °C and 21.76 ± 0.07 °C for Santa
Rosa Creek estuary, and 10.72 ± 0.02 °C and 21.45 ± 0.09 °C for San Simeon Creek
estuary.
Mean measurements for pH values remained between 7.2 ± 0.0 and 9.6 ± 0.1 in
Villa Creek estuary, 7.2 ± 0.0 and 8.4 ± 0.0 in Santa Rosa Creek estuary and 7.1 ± 0.0
and 8.8 ± 0.0 in San Simeon Creek estuary. Average chlorophyll-a (µg/L) measurements
fluctuated between 0.84 ± 0.10 µg/L and 168.76 ± 147.02 µg/L in Villa Creek estuary, 0.08 ± 0.06 µg/L and 20.66 ± 7.21 µg/L in Santa Rosa Creek estuary, and -0.24 ± 0.01
µg/L and 128.50 ± 70.26 µg/L in San Simeon Creek estuary. A few mean negative values
for chlorophyll-a were obtained after the correlation was conducted because the YSI
EXO1 multiparameter sonde produced negative values for chlorophyll in the in-situ
monitoring. The mean specific conductivity measurements for Villa Creek estuary
alternated from 618 µS/cm ± 29 µS/cm to 55,386 µS/cm ± 27 µS/cm, Santa Rosa Creek
estuary ranged from 264 ± 140 µS/cm to 51,061 ± 12 µS/cm, and San Simeon Creek
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estuary varied between 282 ± 45 µS/cm to 44,389 ± 39 µS/cm. The changes of the five
different parameters with time can be observed in (Appendix B).
3.2. Nitrogen, Phosphorus, and Chlorophyll-a Laboratory Analysis
The quarterly laboratory analysis of nitrogen and phosphorus along with the
combination of laboratory analysis and calculations of chlorophyll-a concentrations
showed most sites of the three bar-built estuaries have varying levels of eutrophication
potential. Results from the 62 total chlorophyll-a (µg/L) measurements from all the
estuaries’ sites throughout the study produced 41.94 % for low eutrophication potential,
45.16% for moderate potential, 9.68% for high potential, and 3.3% hypereutrophic
conditions (Table 3). The high eutrophication potential based on chlorophyll-a content
was found at all sites for both Villa Creek estuary and San Simeon Creek estuary, except
San Simeon’s upper site where the hypereutrophic results were solely present. Findings
from the 62 total measurements for total inorganic nitrogen (mg/L) during the study
yielded 70.96% as low eutrophication potential, and 14.52% for both moderate and high
eutrophication potential (Table 4). High eutrophication potential resulting from total
inorganic nitrogen was discovered at all sites of the three bar-built estuaries, except for
Santa Rosa Creek estuary’s lower site. Results from the 62 total orthophosphate (mg/L)
values generated a 40.32% low eutrophication potential, 27.42% moderate eutrophication
potential, 17.74% high eutrophication potential, and 14.52% produced no results due to a
laboratory error in June (Table 5). From the orthophosphate measurements, only San
Simeon Creek estuary’s sites resulted in high eutrophication potential in various
occasions throughout the monitoring. The San Simeon middle site does not include all
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seven quarterly monitoring samples as obtaining the grab samples was not viable in
March 2021.
Table 3. Chlorophyll-a based eutrophication potential for each site of Villa, Santa Rosa, and San Simeon
Creek bar-built estuaries.
Eutrophication
Potential
(EU)

Sites

San
Simeon
Lower

San
Simeon
Middle

San
Simeon
Upper

Santa
Rosa
Lower

Santa
Rosa
Middle

Santa
Rosa
Upper

Villa
Lower

Villa
Middle

Villa
Upper

Low
Potential
Moderate
Potential
High
Potential
Hypereutrophic
Total
samples
per site

3

3

3

4

4

4

1

1

3

3

2

2

3

3

3

5

4

3
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1

1

0

0

0

0

1

2

1

6

0

0

2

0

0

0

0

0

0

2

7

6

7

7

7

7

7

7

7

62

Total
EU
per
site
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Table 4. Eutrophication potential based on total inorganic nitrogen (TIN) for each site of Villa, Santa
Rosa, and San Simeon Creek bar-built estuaries.
Eutrophication
Potential
(EU)

Sites
San
Simeon
Lower

San
Simeon
Middle

San
Simeon
Upper

Santa
Rosa
Lower

Santa
Rosa
Middle

Santa
Rosa
Upper

Villa
Lower

Villa
Middle

Villa
Upper

Low
Potential
Moderate
Potential
High
Potential
Total
samples
per site

2

3

3

7

6

6

5

6

6

4

2

2

0

0

0

1

0

0

9

1

1

2

0

1

1

1

1

1

9

7

6

7

7

7

7

7

7

7

62

Total
EU
per
site

44
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Table 5. Eutrophication potential based on orthophosphate for each site within Villa, Santa Rosa, and San
Simeon Creek bar-built estuaries.
Eutrophication
Potential
(EU)

Sites
San
Simeon
Lower

San
Simeon
Middle

San
Simeon
Upper

Santa
Rosa
Lower

Santa
Rosa
Middle

Santa
Rosa
Upper

Villa
Lower

Villa
Middle

Villa
Upper

Low
Potential
Moderate
Potential
High
Potential
N/A
Total
samples
per site

2

2

2

3

3

3

3

3

4

0

0

0

3

3

3

3

3

2

17

4

3

4

0

0

0

0

0

0

11

1
7

1
6

1
7

1
7

1
7

1
7

1
7

1
7

1
7

9
62

Total
EU
per
site
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*N/A was utilized when lab results were not used due to a lab error measuring orthophosphate in grab
samples.

3.3. Open/closed Status of Estuaries
Examining tidal data, estuary surface water elevation data, and the average of the
bottom and top layers specific conductivity measurements of each estuary illustrated the
continuous open or closed states of Villa and San Simeon Creek bar-built estuaries.
Through the 13-month analysis of the open or closed states of Villa Creek bar-built
estuary, the field observations were confirmed as open on twelve months and disputed
once by the estuary and tidal surface water elevation graphs (Figure C1, Table C1). Based
on observations and estuary and tidal graphs with the exception from January 2020 for
the visual observations, Villa Creek estuary was connected to the Pacific Ocean at the
beginning of February 2020 until the end of June 2020. During this period, Villa Creek
estuary pH values stayed relatively constant and dissolved oxygen (DO) concentrations
steadily increased. DO values decreased in June and July 2020, as the bar-built estuary
closed, bouncing back to higher DO concentrations in August 2020. Based on monthly
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field observations and tidal and estuary surface water elevation plots, Villa Creek estuary
was disconnected from the Pacific Ocean sometime in July 2020 until the beginning of
December 2020. While Villa Creek estuary was disconnected from the ocean, pH values
increased to their highest values and chlorophyll-a values increased in October 2020 then
decreased in January 2021. Meanwhile, water temperature was not significantly affected
by the connection or disconnection of the Villa Creek estuary to the Pacific Ocean as
temperatures continuously increased from March 2020 until October 2020 while the
estuary was both opened and closed. The monthly field observations in Villa Creek
estuary were found as brackish in January 2020 and April 2020 through November 2020
(9 months), while February 2020, March 2020, and December 2020 (3 months) were
considered very close to ocean water and December 2019 was unidentified as specific
conductivity was only measured on one layer of the water column.
In the analysis for San Simeon bar-built estuary, the field observations were
confirmed as open or closed twelve months and disputed one month out of thirteen by the
estuary and tidal surface water elevation graphs (Figure C2, Table C2). Using the field
observations and the surface water elevation plots, San Simeon Creek estuary was
connected to the Pacific Ocean in December 2019, January 2020, and March 2020 (3
months). In April 2020, San Simeon estuary was observed as open, but the tidal and
estuary surface water elevations were decoupled. In the time that the estuary was open,
the dissolved oxygen concentrations were the highest besides November 2020 and
December 2020 with exception of the upper site, the pH of the water stayed relatively
constant, and chlorophyll-a concentrations were dynamic in open and closed estuary
status. Working with the field observations and the estuary and tidal surface water
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elevation, the San Simeon bar-built estuary was found to be disconnected from the
Pacific Ocean in February 2020 and from May 2020 until sometime at the end of
December 2020 (9 months). During the time that the San Simeon Creek estuary was
disconnected from the Pacific Ocean, dissolved oxygen concentrations reached their
lowest point in September 2020 and pH levels of the lower site were the highest from
June 2020 to November 2020. Average water temperatures in San Simeon Creek estuary
slowly increased form March 2020 until October 2020 when the estuary was both open
and closed. Therefore, a difference in water temperature due to connectivity with the
ocean was not measured. The average specific conductivity of the San Simeon lower
site’s top and bottom layers produced results of brackish water in five months, freshwater
in five months, and for three months (April 2020, May 2020, and July 2020) it was
unknown given that specific conductivity was only measured in one layer of the water
column. The specific months that were discovered to have brackish water included
December 2019 through February 2020, November 2020, and December 2020.
Freshwater was found in March 2020, June 2020, August 2020, and September 2020.
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Chapter 4. Discussion
Estuaries aid in climate change mitigation through C sequestration, water quality
improvement, groundwater recharge, and recreation (Clark et al., 2013; Largier et al.,
2019). Bar-built estuaries, which make up over half of the costal confluences in
California are transition zones between the river/stream and maritime environments with
various beneficial functions for fauna, flora, and people (Heady et al., 2015). Bar-built
estuaries are critical for endemic and endangered or threatened native plants and animals
(Clark & O’Connor, 2019). Bar-built estuaries are also essential in supporting a habitat
for specialist and generalist plants, resident and migratory birds, and aquatic species from
both freshwater and marine realms (Heady et al., 2015). However, due to anthropogenic
and natural actions, bar-built estuaries’ physical and biochemical systems are changing.
The estuarine systems are changing in phytoplankton biomass and composition, water
clarity, harmful cyanobacteria blooms occurrence, non-native macrophytes emergence,
and periodic low dissolved oxygen development (Beck et al., 2018). These changes
within the estuarine systems could have detrimental effects on the wildlife and the people
who depend on the estuarine system for their different environmental services.
4.1. Water Quality Parameters
While certain estuary health parameters were within acceptable ranges, a few
parameters were periodically of concern. The dissolved oxygen concentrations measured
in-situ throughout the 19-month study at Villa Creek, Santa Rosa Creek, and San Simeon
Creek bar-built estuaries were within or extremely close to hypoxic conditions at times.
In July 2020, the bottom layer measurements of Villa Creek estuary’s middle and lower
sites’ lowest dissolved oxygen levels were averaged at 1.8 ± 0.0 mg/L and 2.1 ± 0.0 mg/L
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respectively (Figure B1), which are below or close to 2.0 mg/L making these sites within
hypoxic conditions. In July 2020, Villa Creek’s upper, middle, and lower sites’ top layer
monitoring reached low concentrations of dissolved oxygen between 2.2 ± 0.0 mg/L to
3.7 ± 0.0 mg/L. Santa Rosa Creek’s upper and middle sites’ bottom layer had one
monitoring month (December 2020) that reached low concentrations of dissolved oxygen
at 2.0 ± 1.2 mg/L and 2.4 ± 0.1 mg/L, respectively (Figure B6). The monthly monitoring
of April 2021 in San Simeon Creek estuary’s upper site produced the lowest averaged
dissolved oxygen concentration at 2.2 ± 0.3 mg/L (Figure B11).
The periodic hypoxic conditions of the three estuaries studied are alarming
because hypoxic conditions in estuarine waters have significant negative impacts in
aquatic biota and ecosystems (Eldridge & Morse, 2008). Prolonged hypoxic conditions
can be deadly to benthic organisms (Zhang & Li, 2010). Additionally, in estuaries, low
dissolved oxygen concentrations are strongly linked with a drop in shellfish productions,
increased fish kills, death of phytoplankton and zooplankton, deterioration of water
quality, and loss of habitat (Zhang et al., 2016). Determining and restoring the physical
and biochemical processes that are causing these conditions in the estuary is vital to
prevent the estuaries from reaching anoxic levels.
All three bar-built estuaries showed average temperatures above 18 °C for
multiple monitoring months, which indicates that solutions to combat warming water is
critical to protecting sensitive wildlife species (Figures B2, B7, B12). Water temperatures
greater than 18°C for prolonged periods of time are harmful to sensitive fish species and
therefore not desirable in bar-built estuaries (Morro Bay National Estuary Program,
2018b). Steelhead trout is included as a sensitive fish, which is of interest in all three
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estuaries studied. The Villa Creek bar-built estuary is of greatest concern as its bottom
layer average measurements surpassed or were close to exceeding 25°C from May 2020
to August 2020 (Figure B2). This warmer estuarine water is also concerning as it directly
affects the oxygen that can dissolve in the water and can cause the water column to
stratify (Morro Bay National Estuary Program, 2016, 2018b). Temperature stratifying in
the estuary will prevent vertical transport of dissolved oxygen in the water column
(Zhang & Li, 2010).
Estuarine water pH levels directly affect the survival of flora and fauna while
indirectly affecting the availability of nutrients and pollutants. The pH of all sites from
Villa Creek, upper and middle sites for Santa Rosa Creek, and the lower site for San
Simeon Creek bar-built estuaries are of concern because they exceeded the Basin Plan
criterium of pH of 8.3 for estuaries with recreational beneficial uses (Stillwater Sciences,
2012) (Figures B3, B8, B13). Additionally, average pH measurements at Villa Creek barbuilt estuary’s middle and lower sites surpass the pH range( Figure B3) that most aquatic
organisms are adapted to live on, between 6.0 to 9.0 pH (National Estuarine Research
Reserve System, 2021). Estuarine water pH levels outside this range are stressful and can
be fatal to local flora and fauna and can indirectly affect aquatic organisms through the
release of toxic metals or other pollutants (United States Environmental Protection
Agency, 2006).
4.2. Eutrophication Potential
The eutrophication potential determined by chlorophyll-a, total inorganic
nitrogen, and orthophosphate as phosphorus measured at all sites of Villa Creek, Santa
Rosa Creek, and San Simeon Creek estuaries are of concern. Over half (58.06%) of the
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quarterly grab samples and calculated chlorophyll-a samples resulted in either moderate,
high, or hypereutrophic potential and 45.16% according to orthophosphate
concentrations. Conversely, only 41.94 % of the total chlorophyll-a measurements
resulted in low eutrophication potential and 40.32% according to orthophosphate
concentration. The most troubling finding regarding eutrophication potential was the
hypereutrophic conditions discovered at the San Simeon upper site in two instances
(March 2020, June 2021) coupled with the variability in chlorophyll-a changes over time
could potentially indicate that something is increasing primary production. The overall
findings of only approximately 40% of the total samples producing low eutrophication
potential through two of the three parameters used in the three estuaries are of concern.
Within the last decade, two-thirds of estuaries in the United States have been found to be
degraded mainly due to nitrogen and phosphorus pollution (Howarth et al., 2011). In our
study, for all three bar-built estuaries orthophosphate produced higher eutrophication
potential in contrast to total inorganic nitrogen, thereby this macronutrient is likely
responsible for the nutrient pollution.
4.3. Estuary Open/Closed Conditions Effect on Water Quality
The two monitoring months that had the lowest dissolved oxygen in the Villa
Creek estuary were when the Villa Creek estuary was disconnected from the ocean.
These hypoxic conditions were likely a result of low inputs of freshwater from streams,
limited water ocean input, and warmer water temperatures (Collins & Melack, 2014;
Zhang et al., 2016). In Villa Creek estuary, chlorophyll-a concentrations increased
starting in October 2020 (Figure B4) and dissolved oxygen concentrations dropped to
critically low levels, apart from July 2020. Chlorophyll-a average concentrations at San
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Simeon Creek estuary were dynamic and difficult to interpret to change in open and
closed estuary conditions. Interestingly open and closed conditions in both estuaries, did
not have a large effect on water temperature (°C). When Villa Creek estuary was
disconnected from the Pacific Ocean, pH values reached their highest values. A similar
pH trend was observed at the San Simon lower site; however, it was not as high of an
increase in pH as in Villa Creek estuary. Determining the coupling and decoupling of San
Simeon estuary through the estuary’s surface water elevation and tidal water elevation
was not as clearly observable as with Villa Creek estuary. The cause for these unclear
results is unknown, but a potential reason could be that the logger location is at a higher
elevation than the mouth of the estuary.
4.4. Future Research
Future research should focus on looking for solutions to combat hypoxic
conditions that were discovered in all three bar-built estuaries which can be detrimental
to aquatic life. Identifying the primary sources and pathways of nutrients, specifically
phosphorus, can inform management practices to reduce the impact of those primary
sources. Solutions regarding the warmer water temperatures in the estuaries are also
essential, specifically in Villa Creek estuary. Lastly, research should be carried out to
study the cause for pH values to reach their highest values when the estuaries were closed
and in the warmer months of the year.
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Chapter 5. Conclusion
This study used average dissolved oxygen (DO) concentration, chlorophyll-a,
temperature, pH, and specific conductivity from December 2019 to June 2021 to assess
the changes in water quality of Villa Creek, Santa Rosa Creek, and San Simeon Creek
bar-built estuaries. All three bar-built estuaries were found to have or close to having
hypoxic water conditions for varying periods of time. Additionally, all estuaries were
found to have water temperatures above the threshold of 18° C, a threshold that, if
present for prolonged durations, is detrimental to sensitive fish including steelhead trout.
Total inorganic nitrogen and orthophosphate content determined by laboratory analyses,
and chlorophyll-a, determined by a correlation between laboratory results and in-situ
measurements by YSI EXO1 multiparameter sonde, were used to assess the
eutrophication potential of all sites of the bar-built estuaries. Moderate and high
eutrophication potential produced by orthophosphate and chlorophyll-a was found.
Hypereutrophic conditions were found in March 2020 and June 2021 at the San Simeon
upper site. Estuary and tidal surface water elevation plots were used to study open and
closed estuary conditions and how the estuary status affects the water quality through the
five parameters (DO, chlorophyll-a, temperature, pH, specific conductivity) monitored in
this study. When the estuaries were disconnected, the lowest DO concentrations and
highest pH values were found.
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Appendix A: Dates of Monitoring
Table A1. Dates where monitoring took place throughout the study at each site of Villa Creek, Santa Rosa
Creek, and San Simeon Creek bar-built estuaries. Dates in italics had quarterly grab samples taken for
chlorophyll-a, nitrogen, and phosphorus.
Sites of estuaries
Villa
Villa
Upper
Middle

Villa
Lower

12/11/19
01/26/20
02/15/20
03/14/20
04/24/20
05/28/20

12/11/19
01/26/20
02/15/20
03/14/20
04/24/20
05/28/20

06/25/20
07/29/20
08/27/20
09/28/20
10/23/20
11/23/20

12/11/19
01/26/20
02/15/20
03/14/20
04/24/20
05/28/20

Santa
Rosa
Upper
12/11/19
01/25/20
02/15/20
03/14/20
04/24/20
05/28/20

Santa
Rosa
Middle
12/11/19
01/25/20
02/15/20
03/14/20
04/24/20
05/28/20

Santa
Rosa
Lower
12/11/19
01/25/20
02/15/20
03/14/20
04/24/20
05/28/20

San
Simeon
Upper
12/11/19
01/25/20
02/15/20
03/14/20
04/24/20
*

San
Simeon
Middle
12/11/19
01/25/20
02/15/20
03/14/20
04/24/20
*

San
Simeon
Lower
12/11/19
01/25/20
02/15/20
03/14/20
04/24/20
05/28/20

06/25/20
07/29/20
08/27/20
09/28/20
10/23/20
11/23/20

06/25/20
07/29/20
08/27/20
09/28/20
10/23/20
11/23/20

06/25/20
07/29/20
08/27/20
09/28/20
10/23/20
11/23/20

06/25/20
07/29/20
08/27/20
09/28/20
10/23/20
11/23/20

06/25/20
07/29/20
*
*
*
*

06/25/20
*
08/27/20
09/28/20
10/23/20
11/23/20

06/25/20
07/29/20
08/27/20
09/28/20
10/23/20
11/23/20

06/25/20
07/29/20
08/27/20
09/28/20
10/23/20
11/23/20

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

12/23/20
*
*
*
*
05/28/21

12/23/20
01/30/21
02/25/21
03/24/21
04/30/21
05/28/21

06/30/21

06/30/21

06/30/21

06/30/21

06/30/21

06/30/21

06/30/21

06/30/21

06/30/21

* Monitoring was not conducted.
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Dissolved Oxygen Concentration (mg/L)

Appendix B: Change in Water Quality Parameters Plots

Villa Upper Site Top

Villa Middle Site Top
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Villa Upper Site Bottom

Villa Middle Site Bottom

Villa Lower Site Bottom
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Figure B1. Change in dissolved oxygen (mg/L) over time of the top layer and bottom layer of Villa Creek
Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
Villa Upper Site Top

Villa Middle Site Top

Villa Lower Site Top

Villa Upper Site Bottom

Villa Middle Site Bottom

Villa Lower Site Bottom
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Figure B2. Change in water temperature(°C) over time of the top layer and bottom layer of Villa Creek
Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
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Villa Upper Site Top

Villa Middle Site Top

Villa Lower Site Top

Villa Upper Site Bottom

Villa Middle Site Bottom

Villa Lower Site Bottom
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Figure B3. Change in pH over time of the top layer and bottom layer of Villa Creek Estuary's upper,
middle, and lower sites using a YSI EXO1 multiparameter sonde.
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Villa Lower Site Top
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Villa Middle Site Bottom

Villa Lower Site Bottom
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Figure B4. Change in chlorophyll-a (µg/L) over time of the top layer and bottom layer of Villa Creek
Estuary's upper, middle, and lower sites using a correlation for the chlorophyll measurements from the YSI
EXO1 multiparameter sonde. Y axis in logarithm scale due to the large range in measurements.
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Villa Upper Site Top

Villa Middle Site Top

Villa Lower Site Top

Villa Upper Site Bottom

Villa Middle Site Bottom

Villa Lower Site Bottom

Specific Conductivity (µS/cm)
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Figure B5. Change in specific conductivity (µS/cm) over time of the top layer and bottom layer of Villa
Creek Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.

Dissolved Oxygen Concentration (mg/L)
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Figure B6. Change in dissolved oxygen concentration (mg/L) over time of the top layer and bottom layer of
Santa Rosa Creek Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
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Temperature (°C)
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Santa Rosa Upper Site Top
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Santa Rosa Lower Site Top

Santa Rosa Upper Site Bottom

Santa Rosa Middle Site Bottom

Santa Rosa Lower Site Bottom
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Figure B7. Change in water temperature (°C) over time of the top layer and bottom layer of Santa Rosa
Creek Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
Santa Rosa Upper Site Top

Santa Rosa Middle Site Top
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Santa Rosa Lower Site Bottom
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Figure B8. Change in pH over time of the top layer and bottom layer of Santa Rosa Creek Estuary's upper,
middle, and lower sites using a YSI EXO1 multiparameter sonde.
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Santa Rosa Upper Site Top

Santa Rosa Middle Site Top

Santa Rosa Lower Site Top

Santa Rosa Upper Site Bottom

Santa Rosa Middle Site Bottom

Santa Rosa Lower Site Bottom

Chlorophyll-a (µg/L)

1000.00
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10.00
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Specific Conductivity (µS/cm)

Figure B9. Change in chlorophyll-a (µg/L) over time of the top layer and bottom layer of Santa Rosa Creek
Estuary's upper, middle, and lower sites using a correlation for the chlorophyll measurements from the YSI
EXO1 multiparameter sonde. Y axis in logarithm scale due to the large range in measurements.
Santa Rosa Upper Site Top

Santa Rosa Middle Site Top

Santa Rosa Lower Site Top
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Figure B10. Change in specific conductivity (µS/cm) over time of the top layer and bottom layer of Santa
Rosa Creek Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.

Dissolved Oxygen Concentration (mg/L)
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San Simeon Upper Site Top

San Simeon Middle Site Top

San Simeon Lower Site Top
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Figure B11. Change in dissolved oxygen concentration (mg/L) over time of the top layer and bottom layer
of San Simeon Creek Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
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Figure B12. Change in water temperature (°C) over time of the top layer and bottom layer of San Simeon
Creek Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
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San Simeon Upper Site Top

San Simeon Middle Site Top

San Simeon Lower Site Top

San Simeon Upper Site Bottom

San Simeon Middle Site Bottom

San Simeon Lower Site Bottom
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Figure B13. Change in pH over time of the top layer and bottom layer of San Simeon Creek Estuary's
upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
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Figure B14. Change in chlorophyll-a (µg/L) over time of the top layer and bottom layer of San Simeon
Creek Estuary's upper, middle, and lower sites using a correlation for the chlorophyll measurements from
the YSI EXO1 multiparameter sonde. Y axis in logarithm scale due to the large range in measurements.
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Specific Conductivity (µS/cm)
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Figure B15. Change in specific conductivity (µS/cm) over time of the top layer and bottom layer of San
Simeon Creek Estuary's upper, middle, and lower sites using a YSI EXO1 multiparameter sonde.
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Appendix C: Surface Water Elevation Plots and Open/Closed Conditions
Villa Estuary WSE (ft) (NAVD88)

Tide Elevation (ft) (NAVD88) at Port San Luis
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Figure C1. Villa Creek bar-built estuary change in tidal (orange) and estuary (blue) water surface
elevation according to data from the Central Coast Wetlands Group and NOAA.
Table C1. Comparison of monthly visual field observations, hourly tidal and estuary water surface
elevation, and monthly specific conductivity for Villa Creek estuary.
Date

Open/closed
Field
Observations

Open/Closed based on
comparison of tidal and

Freshwater, brackish,
or salt water from Villa
Creek Middle Site

59

12/11/2019

Open

1/26/2020

Closed

2/15/2020

Open

3/14/2020

Open

4/24/2020

Open

5/28/2020

Open

6/25/2020

Open

7/29/2020

Closed

8/27/2020

Closed

9/28/2020

Closed

10/23/2020

Closed

11/23/2020

Closed

12/23/2020

Closed

estuary water surface elevation
(Decoupled or coupled)
Open (high flows-estuary rapidly N/A
rises by 2 ft) (decoupled)
Open (coupled)
Brackish (specific
conductivity = 25,124
µS/cm)
Open (coupled)
Very close to saltwater
(specific conductivity =
51,908 µS/cm)
Open (coupled)
Very close to saltwater
(specific conductivity =
51,194 µS/cm)
Open (coupled)
Brackish (specific
conductivity = 24,541
µS/cm)
Open (coupled)
Brackish (specific
conductivity = 25,460
µS/cm)
Open (coupled)
Brackish (specific
conductivity = 37,614
µS/cm)
Closed (decoupled)
Brackish (specific
conductivity = 36,415
µS/cm)
Closed (decoupled)
Brackish (specific
conductivity = 24,103
µS/cm)
Closed (decoupled)
Brackish (specific
conductivity = 14,319
µS/cm)
Closed (decoupled)
Brackish (specific
conductivity = 22,880
µS/cm)
Closed (decoupled)
Brackish (specific
conductivity = 15,059
µS/cm)
Closed (decoupled)
Very close to saltwater
(specific conductivity =
45,674 µS/cm)

*N/A for measurements that only have specific conductivity data for one layer of water column.
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San Simeon WSE (ft) (NAVD88)
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Figure C2. San Simeon Creek bar-built estuary change in tidal (orange) and estuary (blue) water surface
elevation according to data from the Central Coast Wetlands Group and NOAA.
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Table C2. Comparison of monthly visual field observations, hourly tidal and estuary water surface
elevation, and monthly specific conductivity for San Simeon Creek estuary.

Date

Open/closed
Field
Observations

Open/Closed based on
comparison of tidal and
estuary water surface
elevation (Decoupled or
coupled)
Open (high flows-estuary
rapidly rises by 2 ft)
(decoupled)

Freshwater, brackish,
or salt water from San
Simeon Lower Site

12/11/2019

Open

1/25/2020

Open

Open (estuary water drains
drastically by 1 ft)
(decoupled)
Closed (decoupled)

Brackish (specific
conductivity = 20,381
µS/cm)
Brackish (specific
conductivity = 4,205
µS/cm)
Freshwater (specific
conductivity = 1,263
µS/cm)
N/A
N/A
Freshwater (specific
conductivity = 1,326
µS/cm)
N/A
Freshwater (specific
conductivity = 886
µS/cm)
Freshwater (specific
conductivity = 1,191
µS/cm)
Freshwater (specific
conductivity = 1,212
µS/cm)
Brackish (specific
conductivity = 7,125
µS/cm)
Brackish (specific
conductivity = 10,684
µS/cm)

2/15/2020

Closed

3/14/2020

Open

4/24/2020
5/28/2020
6/25/2020

Open
Closed
Closed

Open (no coupling, but
drastically drains two days
later)
Closed (decoupled)
Closed (decoupled)
Closed (decoupled)

7/29/2020
8/27/2020

Closed
Closed

Closed (decoupled)
Closed (decoupled)

9/28/2020

Closed

Closed (decoupled)

10/23/2020

Closed

Closed (decoupled)

11/23/2020

Closed

Closed (decoupled)

12/23/2020

Closed

Closed (decoupled)

Brackish (specific
conductivity = 26,681
µS/cm)

*N/A for measurements that only have specific conductivity data for one layer of water column.

